The chronic oxidative stress that HIV patients go through brought the need for assessment of the antioxidant levels into focus as an adjunct to the standard regiment of treating HIV patients. This study was on 116 HIV patients, of which 60 were receiving antiretroviral therapy and 56 were apparently healthy and age-matched individuals as control subjects. The bio-data and medical history of the subjects were obtained using questionnaire. These included duration of HIV infection and duration of antiretroviral treatment. The subjects that participated in this research gave their informed consent, did not have tuberculosis, diabetes or severe malaria; those with any of these conditions were excluded from the research. Female subjects who were pregnant were also excluded from the study. The subjects were within 20-70 years of age, and have had HIV for at least one year for the test group, while the control were HIV negative. Five millilitres of blood was collected from each subject after overnight fast, for the assay of glutathione peroxidase, superoxide dismutase, cortisol, and CD4. The result revealed that the mean values of GPX and SOD levels of HIV positive patients on HAART were significantly lower than the control (p=0.0001). The mean cortisol levels of HIV patients on HAART were significantly higher than the control (p=0.0001). Similar trend was observed in male and female categories. Based on the results, it is indicative that HIV patients are constantly under oxidative stress, HIV drug therapy and increased cortisol levels have negative effects on the immune status of HIV patients. The need to incorporate antioxidant in treatment regiment is advocated.
Introduction
The Human Immunodeficiency Virus (HIV) is a retro-virus that affects the CD4 + T-Cells in humans, leading to a decline in immune response. This consequently leads to a condition known as Acquired Immunodeficiency Syndrome (AIDS) in humans [1] . HIV is a retrovirus, it carries genetic information in RNA rather DNA [2] . When it attaches to a host cell, the RNA is converted to DNA with the aid of the enzyme, Reverse Transcriptase. In the host's cell, there is a replication of the viral particle [2] As a result of this, there is immune suppression in HIV patients, leading to a diminished response to infection and tumours [2, 3] . This is due to destruction of CD4 + T-cells by HIV.
Free radicals, which include Reactive oxygen species (ROS) and Reactive Nitrogen Species (RNS) are produced by living organisms as a result of normal cellular metabolism. At low concentrations they perform beneficial physiological functions, through cellular responses and immune function, but at high concentrations they cause adverse modifications to the cellular components [4, 5] . There are three major ROS that are of physiological importance in the human system. They include superoxide ion, hydroxyl radical and hydrogen peroxide, and they are endogenous oxidants. Other endogenous oxidants include hypochlorous acid, peroxyl radicals and hydroperoxyl radicals.
Most cells can produce superoxide, hydrogen peroxide and nitrogen oxide on demand [6] .Also, antibodies, regardless of origin or antigenic specificity, could convert oxygen to hydrogen peroxide [7] . Endogenously the body generates ROS in the mitochondria, endoplasmic reticulum, phagocytosis and other metabolic sources. Superoxide radical is produced in the mitochondria through the electron transport chain. This radical is transformed into hydrogen peroxide, which can react with transition metals like iron and copper to form hydroxyl radicals [8] .
There are also exogenous sources of oxidants. These include cigarette smoke, radiations and heavy metals. Cigarette smoke contains many oxidants and free radicals and organic compounds. When inhaled into the lungs there is an accumulation of neutrophils and macrophages, which further increase the injurious effects of the oxidants. Heavy metals induce cellular damage through lipid peroxidation and reactions with nuclear proteins and DNA [9] .
The human body has a various antioxidants whose functions counterbalance the effects of the oxidant [10] .These antioxidants can be divided into enzymatic and nonenzymatic. The enzymatic oxidants in human system include glutathione peroxidase, superoxide dismutase and catalase, as the major ones [4, 10] . Superoxide dismutase acts on superoxide radical while glutathione and catalase act on the peroxides, although the only substrate for catalase is hydrogen peroxide. Glutathione peroxidase acts on both hydrogen peroxide and all other types of peroxides.
HIV-infected patients have oxidative imbalance early in the disease, and there is formation of free radicals [11] . Thus, HIV infection increases oxidative stress which may result in oxidative damage [12] . Reactive oxygen species (ROS), which results from cellular reactions, may enhance viral replication by activating nuclear transcription factors, which ultimately leads to an increased rate of viral gene expression [13] . There is also an increased rate of CD4 + apoptosis in HIV infection. Thus, viral infections can interfere with metabolic and physiological mechanism of host cell. Since HIV thrives in the oxidized environment, the antioxidant defence system in human serum becomes insufficient to circumvent HIV replication secondary to cellular ROS production [14] .
Cortisol is a hormone that is secreted in the adrenal gland. Its secretion is usually in response to the adrenocorticotropic Licensed Under Creative Commons Attribution CC BY hormone (ACTH) released from the pituitary gland [15] . ACTH is secreted in response to several factors, one of which is corticotrophin-releasing hormone (CRH), which is synthesized and released from the hypothalamus [15] . Another factor that increases the level of cortisol is stress, and it has been reported that HIV patients are under oxidative stress. Other factors that can increase ACTH level, and therefore cortisol, are pro-inflammatory cytokines, especially interleukin-1 and interleukin-6, and tumour necrosis factor α [16] . There is impairment of adrenal function in HIV patients. The interaction between HIV and endocrine system is complex [17] . This research therefore evaluated the levels of glutathione peroxidase and superoxide dismutase as a function of the antioxidant status of HIV patients.
Materials and Method

Study Design
This cross-sectional research work was carried out in 117 HIV patients, of which 60 were receiving antiretroviral therapy and 56 apparently healthy and age-matched individuals as control subjects. The bio-data and medical history of the subjects were obtained using questionnaire. These included duration of HIV infection and duration of antiretroviral treatment.
Eligibility Criteria
This study involved subjects with HIV infection. The subjects that participated in this research gave their informed consent, did not have tuberculosis, diabetes or severe malaria; those with any of these conditions were excluded from the research. Female subjects who were pregnant were also excluded from the study. The subjects were within 20-70 years of age, and have had HIV for at least one year for the test group, while the control were HIV negative.
Sample Collection
Five millilitres of blood was collected from each subject after overnight fast, for the assay of glutathione peroxidase, superoxide dismutase, cortisol, and CD4. The blood samples were centrifuged at 3,000rpm for 10 minutes and the plasma separated and put in a plain bottle. The plasma samples were then preserved at -20 o C in the freezer prior to analysis. The analysis for CD4 cell was done same day while the assay of glutathione peroxidase, superoxide dismutase and cortisol were done on stored plasma after 4days.
Statistical Analysis
Data were analysed with Excel 2003 program (Excel Inc.) and Graphpad Prism, and expressed as mean±SD. Student ttest were used to compare values of measured parameters between HIV subjects and control subjects. P-values less than 0.05 were considered significant.
Results
Comparison of antoxidant enzyme levels of HIV subjects on HAART and control subjects.
There was a significant difference in the levels of CD4 (p=0.0001). The mean value of GPX level of HIV patients on HAART significantly lower than the control (p=0.0001). The mean value of SOD for HIV patients on HAART were significantly lower than the control (p=0.0001). The mean value of cortisol for HIV patients on HAART was 83.98 ± 62.55 ng/ml while that of control subjects was 42.83 ± 21.0 ng/ml. There was a significant difference in the levels of cortisol (p=0.0001). 
Comparison of antoxidant enzyme levels of male HIV subjects on HAART and control subjects
The CD4 count for male HIV subjects on HAART was 395.80±185.77/ ml, while that of male control subjects was 876.86 ± 105.77/ml. The mean CD4 counts for HIV subjects were significantly lower than the control (p=0.0001). The levels of GPX and SOD for male HIV subjects on HAART were significantly lower than the control, while the levels of cortisol were significantly higher in male HIV subjects than the control. There were significant differences in the levels of GPx (p=0.0476), SOD (p=0.0001) and cortisol (p=0.0001) respectively. 
Comparison of mean values of parameters for female HIV subjects on HAART and control subjects
The CD4 count for female HIV subjects on HAART was 423.82 ± 316.43/ ml, while that of female control subjects was 846.20±128.71/ml. There was a significant difference (p=0.0001) in the CD4 counts. The levels of GPX, SOD and cortisol for female HIV subjects on HAART were 0.55±0.55ng/ml, 39.81±17.70pg/ml and 79.83±70.92ng/ml, while the levels for female control subjects were 0.55 ± 0.22ng/ml, 74.89± 17.16pg/ml and 40.63±23.18ng/ml respectively. There was no significant difference in the Licensed Under Creative Commons Attribution CC BY levels of GPx(p= 0.4970). However, significant differences were observed in the levels of SOD (p= 0.0001) and cortisol (p= 0.0010) respectively. 
Discussion
The results of this research work indicate that HIV patients had significantly lower CD4 counts than the control subjects. This is probably because HIV causes apoptosis in the infected cells [18] and it is capable of enhancing oxidative stress [1] , which in turn leads to apoptosis of Tcells, hence the loss of CD4 cells in HIV patients [19] . The increased CD4 count of HIV patients on antiretroviral treatment is probably due to the suppression of viral replication by HAART [20] and since HIV replication is reduced during treatment with HAART, CD4 count will improve [21] . These findings agree with the work of [22] .
There were also significant differences in the levels of antioxidant enzymes in HIV patients compared to the control subjects. The levels of both SOD and GPx were significantly reduced in HIV patients than in control subjects. During HIV infection, there is enhanced oxidative stress due to activation of the immune system, which increases the generation of free radicals. These free radicals deplete the levels of these antioxidant enzymes. The depletion of these enzymes occurs because they are consumed in the process of protecting body cells against reactive oxygen species in humans [23] . HAART has been reported to increase chemically reactive species in humans [24] and has also been associated with increased oxidative stress [25 Antiretroviral therapy therefore exerts a negative effect on the activities of antioxidant enzymes.
Basal cortisol was assayed in the study subjects in order to assess the effects of oxidative stress due to HIV infection and HAART administration on the immune system. The result showed that the level of cortisol differed significantly among the study groups. HIV patients on HAART had significantly higher levels of cortisol than control subjects. This finding agrees with the work of [17] . Cortisol is synthesized by the HPA axis in response to stress. The elevated cortisol levels may be due to stress-related shift of steroid production from adrenal androgens towards cortisol or the increase in the concentration of cortisol-binding globulin (CBG) observed with the disease progression [26] .Direct infection of the adrenal gland by HIV has been reported to impair the function of the gland. Many of the drugs used in the treatment of HIV can also interfere with adrenal function [26] . HAART has been reported to increase cortisol level [27] . HAART also been reported to increase chemically reactive species in human [23] . These reactive species probably increase the oxidative stress in the subjects, who are already under oxidative stress due to HIV infection. This state of increased oxidative stress causes a marked increase in the level of cortisol.
HIV-positive male subjects on HAART had significant differences in parameters compared to control subjects. The CD4 count was significantly lower than for control subjects. Also, the levels of SOD and GPx were significantly reduced while cortisol level significantly increased. The results were similar for HIV-positive female subjects, compared to female control subjects. It was observed that females had higher CD4 counts than male. This finding agrees with the work of [28] . The observed higher CD4 counts in females than in male subjects could be due to the immunomodulatory effects of sex steroids, especially estrogen and progesterone [29, 30] .
There were also significant increases in cortisol levels in HIV positive male and female subjects on HAART compared to the control subjects. This finding agrees with the work of [26] .The association between cortisol and decrease in CD4 in HIV subjects suggests that cortisol probably plays an important role in the normal functioning of the immune system through its effects on cytokines and also lymphocytes [31] .
The levels of SOD and GPx in HIV positive subjects on HAART were significantly lower than those of control subjects. This is probably because HIV infection increases oxidative stress which may result in oxidative damage [12] , and HAART has also been associated with increased oxidative stress [24] . The reduced levels of antioxidant enzymes could be because they are consumed in the process of protecting body cells against reactive oxygen species in humans [14] .
The result from this study indicate that the antioxidant enzymes, superoxide dismutase and glutathione peroxidase, were significantly reduced in HIV subjects, while cortisol levels were significantly increased. It was also observed that the levels of the antioxidants enzymes were greatly reduced in HIV patients who were on antiretroviral therapy, while cortisol level increased.
The results indicate that HIV patients are constantly under oxidative stress, and the presence of the infection, HIV drug therapy and increased cortisol levels have negative effects on the immune status of HIV patients. Therefore, there is need for incorporating antioxidants in treating HIV infection in our hospitals. 
